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Abstract 
Along sperm and embryo cryopreservation that are used routinely also in animal assisted 
reproduction, studying are done also on animal oocyte cryopreservation in order to find the best conditions 
to preserve their viability. Vitrification is one of the methods that can be used in order to preserve oocytes. 
The higher reactive oxygen species that are formed during in vitro conditions can influence the success of 
assisted reproduction technique. The aim of this study was to evaluate the antioxidant potential of ascorbic 
acid (0.5mM) and rosmarinic acid (105µM) added in media for in vitro maturation on swine oocyte subjected 
to vitrification. COC’s viability after vitrification was evaluated by 0.02% Trypan Blue staining. Comparing 
experimental groups C (vitamin C) and AR (rosmarinic acid) with group M (control), relative to the number 
of vitrified oocytes, a slight increase in their viability is observed, with 16.67% (C, class I) and 33.33% (AR, 
class II), respectively. Regardless of the treatment applied, the oocyte class is associated with viability (p = 
0.048). Due to low number of oocytes used in each group we can concluded that supplementation of oocyte 
maturation media before vitrification with rosmarinic acid and ascorbic acid could produce a slight increase 
in viability. 
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Introduction 
Vitrification of oocytes and embryos is a revolutionary cryopreservation technique used 
both in human (Konc et al. 2014) and in animals (Somfai et al. 2014; Spricigo et al., 2015; Yang 
et al. 2002; El-Sokary et al., 2013) assisted reproduction techniques (ART) performed in diferent 
conditions and with different results. 
Vitrification is defined as the ultrarapid solidification of a solution by an extreme elevation 
in viscosity at low temperatures without ice crystal formation (Konc et al., 2014). 
The main causes of cell death during cryopreservation is ice crystal formation and toxic 
concentrations of solutes. In order to reduce the negative effects of cryopreservation, 
cryoprotective additives (CPA) are used. They are: intracellular/membrane-permeating 
(propyleneglycol, dimethyl sulfoxide, glycerol, ethylene glycol) and extracellular (sucrose, 
trehalose, glucose, amid, ficoll, proteins and lipoproteins). The first ones displaces water via an 
osmotic gradient and partly occupies the place of the intracellular water, while the extracellular 
cryoprotective additives increases the extracellular osmolarity generating an osmotic gradient 
across the cell membrane supporting the dehydration of the cell before cryopreservation and also 
prevents the rapid entry of water into the cell after thawing. During vitrification cells are dehydrated 
before the ultrarapid cooling by high concentration of CPA (Konc et al., 2014; Yang et al., 2002). 
Oocytes are very sensitive to cryoprotectants used during cryopreservation protocols. 
Although vitrification of matured porcine oocytes has high survival rates, obtaining embryos by 
IVF or ICSI from them is difficult (Somfai et al., 2014). Cooling/warming processes from 
vitrification technique of porcine oocytes at MII stage determined accumulation of reactive oxygen 
species (ROS), parthenogenetic activation and spindle abnormalities (Somfai et al., 2014). 
Sources of ROS during ART procedures could be either endogenously (immature 




environmental factors (visible light, culture media, pH, temperature, oxygen concentration, 
centrifugation, cryopreservation)(Mbemya et al., 2017; Agarwal et al., 2014). When is an 
imbalance between reactive oxygen species (ROS) and a biological system’s ability to readly 
detoxify the reactive intermediates or repair the resulting damage, oxidative stress apears 
(Roychoudhury et al., 2017). 
Because during in vitro conditions oocytes are separated from the body and do not benefit 
from maternal antioxidant protection, supplemented antioxidants are needed. Studies indicates that 
supplementing maturation media with different antioxidants such as β-mercaptoethanol (Sadeesh 
et al., 2014), cysteine, cysteamine (Beheshti et al., 2011), palm pollen grain extract (Salek- 
Abdollahi et al., 2015), quercetin and taxifolin – exogenous flavonoids (Kang et al., 2016), 
Gundelia Tourneforii leaves hydro alcoholic extract (Abedi et al., 2014) can improve oocytes 
maturation based on nuclear morphological changes. 
Regarding vitamin C (L-ascorbic acid), a water-soluble antioxidant there are few studies 
to investigate it’s antioxidant effects during in vitro maturation of oocytes (Sovernigo et al., 2017; 
Comizzoli et al. 2003; Tatemoto et al., 2001), most of studies were performed to emphasize it’s 
beneficial role on freezing spermatozoa (Varo et al., 2014; Fanaei et al., 2014) or on improved 
motility and reduced DNA damage in post-thaw spermatozoa. 
Another antioxidant used especially in freezing extenders which improved sperm quality 
after cryopreservation was rosmarinic acid (Luno et al., 2014; Luno et al., 2015; Olaciregui et al., 
2017). Rosmarinic acid is one of the first secondary metabolites produced in plant cell cultures in 
extremely high yields, up to 19% of the cell dry weight. Other promising biological activities of 
rosmarinic acid and its derivatives (rabdosiin and lithospermic acid B) are: improvement of 
cognitive performance, prevention of the development of Alzheimer's disease, cardioprotective 
effects, reduction of the severity of kidney diseases and cancer chemoprevention. (Bulgakov et 
al.,2012). 
The purpose of this present research was to evaluate the viability of swine oocyte after in 
vitro maturated in media supplemented with ascorbic acid and rosmarinic acid and cryopreserved 
through vitrification. 
 
Materials and methods 
Swine ovaries (n=10) were collected from slaughterhouse and transported to the laboratory 
in containers containing 0.9% NaCl solution supplemented with antibiotics (Pen/Strep), at 33-350C 
within two hours. Handling medium for COC (cumulus -oocytes- complexes) was Dulbecco-PBS 
(D-8662) supplemented with 100 µl Pen/Strep (17-602F, Lonza); 3.6 mg sodium piruvate, 30 mg 
BSA (A9647, Sigma-Aldrich), 100 mg glucose (G7021, Sigma-Aldrich). COCs were aspirated by 
puncture procedure from medium to large follicles with 18G needle attached to a 5 ml syringe. 
Classification of COCs based on morphological aspects was done under stereomicroscope 
(Stemi 2000-C, ZEISS) with hot plate (33.40C) after criteria of Antosik et al. (2010) with minor 
modification: Ist class - CI (COCs with cumulus compact and unexpanded, with full or at least 5 
layers of cumulus cells, cytoplasm clearly seen, dense and homogenous, IInd class – CII (COCs 
with cumulus compact, thick, 2-4 layers of cumulus cells, covering all of zona pellucida, cytoplasm 
dense, with uniform granulation) and IIId class - CIII (oocytes partially denuded of cumulus cells, 
or with 1-2 complete layers of cumulus cells and/or with irregular shrunken cytoplasm). 
The maturation culture medium was prepared in our laboratory after Parrish et al. (1986) 
protocol with slight modifications: TCM 199 HEPES modification media, (M2520) with 10% ECS 
and 15 µl FSH (F8174, Sigma-Aldrich) - group M (control), in experimental groups we added 




were maturated in 400µl media in 4 well dishes (Nunc, Germany) covered with mineral oil at 
38.50C in 5% CO2 humidified air atmosphere for 44h. After 44h of culture, all COC were examined 
for maturation, signs as expansion and mucification of cumulus cells were observed and were 
cryopreserved by vitrification according to there experimental group (M, C, AR group) and their 
morphological class (M1, M2, M3, C1, C2, C3, AR1, AR2, AR3). 
Vitrification steps were: 15 min in Freezing 1 media (750 μl DMSO, 750 μl EG, 850 μl 
ECS and 7.65 ml TCM99), 1 min in Freezing 2 media (1500 μl DMSO, 1500 μl EG, 1.71g sucrose, 
520 μl ECS, 5.23 ml TCM199), aspiration in 0.5 ml straws, sealed with MRSIDUAL V3 device 
(IMV) and imersed into liquid N2 container, where they staid for 6 days. 
Thawing steps were: 1 min, at 370C in a water bath, 1 min into Thawing 1 media (3.42g 
sucrose, 5.28 ml TCM199 and 1.30 ml FCS), 3 min into Thawing 2 media (1.9g sucrose, 6.64ml 
TCM199 and 1.65 ml FCS). 
COC’s viability after vitrification was evaluated by 0.02% Trypan Blue (T646, Sigma) 
staining, for 2 minutes. 
 
Results and discussions 
The results of viability evaluation of 57 swine in vitro maturated COCs and after 
















Figure 1. Classification of swine COC’s after vitrification based on there viability 
 
After thawing sow oocytes from the control group, 33.33% of the class I (M1) oocytes 
were viable and 66.66% non-viable, of the second class (M2) none was viable and in the third class 
oocytes (M3), 23.08% were viable and 71.19% were not viable. 
Supplementation of the maturation media with vitamin C did not lead to an increase in the 
oocytes viability, regardless the morphological classification, thus class I (C1) and II (C2) 50% 
were viable and in the third class 33.33% (C3). 
Choosing the vitamin C supplement as antioxidant for in vitro maturation media of swine 
COCs was based on other researcher’s results. Comizzoli et al. (2003) observed that the 
compromised cat oocyte function during non-breeding season can be overridden by including 
supplemental FSH and antioxidants (0.5 mM vitamin C or cysteine) in maturation media. Kere et 







































al. (2013) testing various concentrations of vitamin C supplemented in IVM and IVC media of 
porcine oocytes and parthenotes and handmade cloned embryos observed that although nuclear 
maturation of oocytes was not affected by the addition of vitamin C, the intracellular glutathione 
levels were significantly increased and ROS reduced at 50 µg/ml vitamin C; added in IVC media, 
vitamin C improved blastocyst rates and total cell numbers and reduces apoptotic indices. In 
another study done on bovine oocytes, Sovernigo et al. (2017) suggest that antioxidants (vitamin 
C 50 µg/ml, quercetin 2µM, cyteamine 100µM, carnitine 0.5mg/ml or resveratrol 2µM) used 
during IVM may reduce oxidative stress which improved blastocyst development. 
In COC’s groups were we used rosmarinic acid as antioxidant we observed 66.66% of 
class I (AR1) and II (AR2) and 55.55% of COCs class III (AR3) survived after vitrification. 
Rosmarinic acid is used as an antioxidant in cryopreservation of semen. Olaciregui et al. (2017) 
proved for the first time that ovine spermatozoa freeze-drying in medium supplemented with 105 
µM rosmarinic acid can be lyophilized effectively, stored at room temperature for long term, and 
even to starts embryo development after ICSI. Acid rosmarinic (105 µM) has beneficial effects 
also on boar semen cryopreservation were improves sperm parameters (total and progressive 
motility, viability, acrosome integrity) and sperm DNA integrity by reducing DNA oxidation rate 
(Luno et al., 2014; Luno et al., 2015). In swine reproduction, Somfai et al. (2014) reported the first 
successul piglet production from cryopreserved oocytes by vitrification. 
Comparing groups C and AR with group M, relative to the number of vitrified oocytes, a 
slight increase in their viability is observed, with 16.67% (C1) and 33.33% (AR1), respectively. 
The results obtained for the experimental groups (M, C and AR) require acceptance of the 
null hypothesis (Ho); the results does not support the hypothesis that treatment with antioxidants 
supports viability (Krusckal-Willis test, p = 0.605) or, on the contrary, causes mortality - 
unviability (Krusckal-Willis test, p = 0.429) of oocytes. 
Regardless of the treatment applied, the oocyte class is associated with viability (p = 0.048) 
at statistically accepted thresholds. The classification of non-viable oocytes is close to the 
significance threshold (Krusckal-Willis test, p =0.059). 
Vitrification of oocytes can be done before or after in vitro maturation. Comparing these 
moments, Milovanov et al. (2016) concluded that cultivation of oocytes before vitrification brings 
more advantages for the meiotic resumption. 
 
Figure.2 Live oocyte from group AR1 (1), dead oocytes from group M3 (2) and oocytes from 
group C3, A-dead oocyte, B-live oocyte (3) 
 
Staining methods used in ART are very useful in order to see the quality of gametes and 
of embryos obtained. Some of them do not affect the viability of the cell, if are used correctly and 
for a short time (Brilliant Cresyl Blue, Hoechst 33342). Tripan blue (adiazo dye) is a supravital 




is able to exclude the dye, whereas a nonviable cell will have a blue cytoplasm) (Melzer et al., 
2016). 
Testing the viability of the oocytes after cryopreservation is a mandatory step in order to 
see if the technique used had good results due to numerous factors implicated. 
Further experiments are needed to clarify the effects of antioxidants on viability of the 




• Viability of oocytes depends on their class, while lack of viability is not necessarily 
associated with quality classes, so oocytes in C1 group had a higher viability of 16.67% 
and those in group AR by 33, 33% of the control group (M1). 
• Supplementation of oocyte maturation media before vitrification with rosmarinic acid and 
ascorbic acid could determine a slight increase in viability, but this can not be supported 
statistically by our study. 
• The use of Trypan blue to study oocytes viability is a quick, easy and efficient method 
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